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Abstract of JP2003272860 
PROBLEM TO BE SOLVED: To 
provide an organic 
electroluminescent element with 
high brightness and long life. 
SOLUTION: The organic 
electroluminescent element 
comprises a transparent positive 
electrode 2, a negative electrode 5 
facing each other, and a plurality of 
light emitting units 3-1 , 3-2.. .3-n. 
Respective light emitting units are 
separated by electron generating 
layers 4-1, 4-2,. ..4-n composed of 
at least one layer. The electron 
generating layers are made to 
function as electric insulation 
layers having specific resistivity of 
1 .0*1 0<SP>2</SP>[Omega]*cm, 
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preferably 1 .0*1 0<SP>5</SP> 
[Omega]*cm. 

COPYRIGHT: (C)2003,JPO 




Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenet.com/textdoc?DB=EPODOC&IDX=JP2003272860&F=8 



2003/02/26 



(19) B*H4#ffF/T (J P) 



#r?S2003-272860 

(P 2003-272860 A) 
(43)4iBBB ¥*«15^9m6B (2003.9.26) 



(51) Int. CI. 

H05B 33/14 
33/10 
33/22 

33/24 



F I 

H05B 33/14 
33/10 
33/22 

33/24 



T-T3-K <#*) 
A 3K007 

B 
D 



rn^mx m m^m^me ol ^mm^ (^3oh) 



(21) HUH** 


t#SI2003-70135(P 2003- 70135) 


(7DUMA 


501231510 








«F *- 


(22)tHSB 


¥^115^3^ 148 (2003.3.14) 




UU ^m*^ rtT#^# 3 - 1 2 - 1 6 






(71)tHBA 


593191350 




£fH2002 - 86599 (P2002- 86599) 






(32)&£B 


¥*£14^3E26B(2002.3.26) 




ttmmwnmwmi 3 «« 


(33)ft$fc«l£3IH 


(J P) 


(72)^BJ# 


«F ^_ 








lil«m*iRTt:«:^# 3-12-16 






(74)ftSA 


100083286 








=» W145) 











(54) [5fiWO*IM tH^hn*S*yt>HU? 



(57) [Kft] 

[Mi] »»««3tT*#*©#«xu^ ha;i,5* 

WCtt*«05EJta.-y h 3 - 1 . 3-2. . . . 3- 

4-2. . . . 4-nlcJ;o 

Ttt^e»nT*3D. 8«flff8£Jia« 1 . oxio 

1 Q- cmKl, JfJKIJl. OxiO'Q-craK 
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tt^)e.hT*5 0. R«ffif38£Jiat 1 . OxiO ! 

•fe>h^lC*5^T. gfff^SIAn. OXIO'Q 10 

«£EBHn^c-€-niF*iifta*iait»a^|fij^i!i 
£>fg3fcxxy h^tf*aATS»«iUi? hn*5* 

(a) -r^->it^>->^Jl^5. 7eViD'J^<> 

(b) (a) <n&mit-&rv>>tm{m7€Kfc\z&z>nffi& 
WiftftzmitLL? zmffiyonxteftmymt* 30 
mm»x\tm^m^iuo . mm (a) (b) & 

cif 5 ] mxm 4 Etotii u 9 h a >v s * -y 

-fe> h*?C:;fe^T> (a) W7'J-)l/7S>ft& 
%>}T'$>K>. -*SC (I) : 
CYb 1 ] 

Ar 2 

Ar, — I — Ar 3 

40 

(it*. Ar,. Ar.S^Ar.ll ^tl-e'tlffififCB 

n^.7'J-;P7 5>'fb^#lT-*-5W«8xUi; ho;PS* 

6 ] »;j<JR 5 E*<D#«x U £ h D * 5 * y 
■fe>h*TfcilHT. «^4S*«fi£-r-5 (a) eg» 

T»J-;UT5 ><k^-e*-5W«Sxu^ ^njus^-y-fe 
[ffl*^7j §t#JS6E©©*rtSxU;7 hDA5^ 7 50 
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2 

-b>h*^ll*3^T. m#fg£JI£«fi£ir-5 (a) 
TS£7'J-JP7S >ft^Wa-NPD, TN AT 
A. XtD-TADXttXtD-NPBT-a&l.tiXL/ 

■fe>h*^tci3^T, m^^ss^fig-rs (b) 

■fe>h^lC*5^T, m#^*SSr«^-r-5 (b) 

©H«i»»*^«Any>{k%Tfe«)*'axu^ hD;p 

ffi&m 1 0 ] if #JS 8 Ett® W«£x U ^ h D )l 5 * 
•yir> hSfrpKiJUT. ^SKftfj^V, O s (5gHt/\* 
•T-v-^A) XttRe.O, (7^fbl/X^A) T-$>5=£SI 

[»*«12] S^iS4ie«<DWtSxl/i7 hn;P5^ 
•yir> h3Smc*;t,>T. M^M^X/t-y^^fCfcoT 

1 3 ] mxm 4 e«o*«x 2? h d jv * * 

y-t>Himc*V»T, «ffifS±/g£#ffirr-5 (b) fig 

y-te>h*f KM3V»T. mffifS£g£«fiSc.-r-5 (b) j£ 
[W*JS15] «*J11 3 1 4 fe^COWtSx 1/ 

^ hP^s^7t> Mg^t*5iiT. «W^±s*«fiE 
r* Cb) ^^mmm.i^J-V^y^isru-^-Y^^ 
7 J*rJV*9y (4F-TCNQ) T'hZ^Vk^V O 

[»*516] »*JS1 *fett2E«©*«xU^ h 

&£.m<Df&mmiz&?zm£i>T. #*ft^«t«^« 
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3 

*^a;5ll^5 nmgJLTWlf S-^U K5nmJ^TcD 

[»*JS2 0] ^fctt2iem«^r«xu^ h 20 

«T38 41 Wl^ffiffliJ C»T £ 1 1 L T , 

(1) 7MUM-<tX 7Jk&'J±8i*H-f:*>R 

tx#±a*«-f * ><o o % o'pts. < 1 1> 1 a £^tr*r«g 

(2) ±12 (1) fcEfcSftStfflteflMlffr + fc^ft 

£ (1) <Dmwt&mmw<smm±.\zmmhT, "t<nmm. 

lil/^hn;R%7t>h*f. 30 
[S*«2 1] »:|iai 3^tt2i2*©**XU* h 

o;i-5^-y-b> bm^iz&^T. mytz.=.yh&. mm 

(1) 7jp*'j^s-r ^->, u±5a^js-r 

Ot#±a**'f * >© -5 *> <75'>& < t h 1 S£^tlS£«l 

(2) ±13 (1) f;IE«^tl^*l1S{k^#»{C^-Sn-5^ 

M-f Ttyzn^tpT-temizMTii, o zmmTi&'&mz: 

XI/? hnjl/5^-yt> h^CliJ^T (2) 
tl^^ilTcft^S* 5 , 7JU5 "OA. y^DZ^A, -> 

<h=b ia^^tf^<h^#^<h-r«.*«xui7 hnjus* 
»««i::»-r«Ji£LT. <**«<::) 50 
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(1) ITiftftlOttfft^tt H-ZO h t LTilT 

(2) 7^*U*«-f*>. 7^*'J±SI*JR-f*>X 

>&tf*±S&JB-f :t >© -5 tf>4>& < t fc 1 a*^-tr 

(1) tifc^ttfft^tt H - A> h t LTiKt 

(2) 7;U*U 7)li3V±m^m^ *>3L 

tt^jB*7;p*u^JS-f^->. 7)ist>v±m&m-i*> 

[Wf2 5] lf««l ^fc«2l3«CDW^XU' : ? h 
n;i/5^y-fe> h^tcisi^T. 5£K=L—yhtf. mM 

m£.mommMizm-rz,miii>T. &m<t:&®t. mm 
yxD^jutmtf, mmit-stoizttisTo. oi~iot- 

[»**2 7] ifctt2|2ilOW«XU-? h 

0 nmKTcD*-;uaAS^Wr-£»Wtix 
U? hn;P5*y-t>h*^. 

[«*JS2 8] »3fcJll ife«2l2«©#^xl/? h 

SWCgfr H;U$r*-T-5=ttixl/i7 

TO2 9] Sfc«2f2®OW^XUi7 h 

a;US^.-y-ir> bm^iZ&UT, &%%=L-y hA^bCD 

[|f*313 0] »^cJil Sfcf±2f2®WW«ixU? h 
D;i/5^^-b> hie^-C43^T. tt^W^^J-X-^ h» 
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[■D*J»3 1] Sfctt 2 B*©#*Xl^ h 

[«f#H3 2 3 £fctt2B«©*r«xU* h 

xu 7**/ , c--r*«i#«*«-r*«i»»»«tt*«* 

[SS*JS3 3] WjfcJRl £fc«2fB3£©;&«xl^ h 

«*axy ht««f5E<fe*«)tt^«-iW*«l 0 0 0 nm 
(l(im) $gx.2.till/^hD;R^.yt>h^ 20 

[Iff 3 4] m*mi 3-fctt2e*<D*r«XU* h 
□ ;|/5*yt>h*^t*V»T, E»€£E*«2 5 V<tO 

6ja.T»s«a*iai. fcL<te»ama:£ ft ©£•£<=>*> 

«*lt. Wlftc^azy h«t>0«3ttfi:B*&3t 30 

[»*3I3 6] £fctt2E*©#«xl^ h 

&ATHMn«:&ftK t>L<lil*ama;£fr©<!:*><=>fr 

MWtc?FST-^^*«xUi7 hnjR^ 7 t>^f. 
UBHOffMftKH] 40 
[0 0 0 1] 

[0 0 0 2] 

[ft*ttflf&tf*®nHA] ftfa-r* nana <t nam 

5t)«tLTai$nTl»5. Tangbll ^©iU 50 



#01 2003-272860 
6 

xWb©fca6> 7«Mtt©g&3#«{L-£$!5£fJ 

£#*IJI©JIJP£2 0 0 0 AUT£-?Z>Z\tT\ 10V 
RT©81»0*)Etr 1 0 0 0 c d /m* t^««^a»* 1 

fc (Appl. Phys. Lett., 5 1, 913 
( 1 9 8 7 ) . ) . * LT. T a n g 6 ©#ffF (W UgHS 
59-194393 ^&$8. #MBg 63-264692 
»«¥2 - 1 5 5 9 5«*»R. *H#ffFJg4, 
5 3 9, 5 0 7^11, ^164. 7 6 9, 2 9 2^m 
H«4. 8 8 5, 2 1 1*9M«) ©&^T'©fB 

S L<tt^&JP£ 1 0 0 0 A~5 0 0 0 A(D^mtTtl 
tf2 5V£tT©BJJP«£ET3B3tS»*fC#ffl«t*« (V 
/cm) £?#<=,n-5. <hLTI^-5. 
[0 0 0 3] TangW, £-$JI©SIJfI£?S< LTI 

>bm.m.£riT^Z>m\z I 9 6 0 *Ett\ZH elfrich 
f>ifi7y h 5* (EL) £»fc 

ISfc. tt&g^**<i®5 96©fcMg£*LT^fcK:fc 
#Jfc>£-f . B»«B=l:: 10 0 V^wS^mJESMLfc 
fc«>. i»*tLT<St^«*^ife^* (W/W) 

7/-F. (ttii) H. («?«ti£tte*-r 

-5) 8%J|. *V-Ht^5*C«JISn**/I«|jST? 
£9. ELl?a$H'>&< ifc5X 1 0"' (0. 0 5 
%) S;4A5t)0T'fe5tLW5. «f#PBBg 5 9- 1 9 
4 39 3^CI1 ELM$til tmmzftB 

HBfussftst? (ft) /fHcsrrs. at? (») 

SSrfitfflL-fct^JC, T a n g <S©jgSLfc}§!8HStiI© 

e l xn-r *>ea^mi 5 % &m?Lz> t>©*»mc 

fUJBTS) Lttl:«ilf»B 
tt. KrtWg^^ttfEl:: 1 0 OXKIfljgLor?*?), 

** e l ajm: t ^ t» s nfcMii*? 

angb©#ff. StXO«***±1ft||L©W«EL5 f A'f 
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[0 0 0 4] L^LftA^. Cl©*fctE*©**ELJ|S 

^##©s.£T-ii. &tpt<( *-7i"t m&-?& 

SiSns 10 0c d/m l *figSW|E|«T-«J:'5 J ? : '< 

-f. JR91fflfc<*T&«<!:**l* 1 0 0 0 c d/m'~ 1 
0 0 0 0 c d/m'iS[0»*T^fflM5a3|lf^ 
(l^«FW£t±) aaigTttft«il,T 10 

Ji-ffiLT, OV«T©««BETB»m*fcJlt 

J**583fc£»*£*K:W:. Btl0mA/cirf*6ftl 
0 OmA/cm 1 l:it5gtfifK^iti.tH5* 

TJcd/m'igT'S,^. USaAifAWXWi^i: 20 

tt (*«) at, k#™**mm-*«^. 

p$©) m^,65*tt^-^b»5^*;PT^^->^ j ?>7> ? 

[0 0 0 5] £ (DmttftmizM LT. #PjB¥ 11-32 
9 7 4 8 *f&$8 mfo&mftff 6 , 1 0 7, 7 3 4*§lp3 

««»Ctf[?"Jl;»aE$nT^*C(t*»«i:r*#«EL 40 

x\t. mft*i&mmmz&-3tt*>i,z. -^©±^®«t 

ft**"*.. ^ij56^ N U^7>7 : -cX7 P K©&Bi*©^7t« 

»st»ap-ic«ffi*«BPinsnfct*iiis*ao5!ES6r4 
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tmtktf&t m s it) * n*« ■ & *m*« ■ 
* (#mi¥ 11-329748 mm) \z\t r+mmn 

■iHH6««osaEcj:oT«fn*«JH4a«ic«-»fsn 

^ffi©M»^jlS©#aEL*^©<J:5(c 
0. 1 tim (1 0 0 nm) SSTifeSt. »iSntB 

a s ft war© issx-t) a*. &n r>ii»ni: i^x^ 

i^nTLS^rot. «R denial) fcLTfclSft 
ftfcB*#ttKJBfr»Stt. ftOJfeff&A 1 ©Jtft&JgS: 

muz v ft itntf ft <=> ft t ><&Ktttf & o . ^ttox^-y 
h©i£T«jStte.nftu. 

[0 0 0 6] ^aWffStt, #12 0 0 1 -2 2 

5 8 4 7991MFl£«fr>T. ft*©W«SE L *^ £$tfi£ 

tgf-ss^ftHfCctoTtt^jenTuscii^at-r 
ffiEn»DB#{cgrtT-/P$^(^tfc. Baffle t>«ffiaa«* 

AfcMKttJtJStfM* 1 . OxiO'Q-cra 

*^T-* e. ft -s c t ^bsss© o t> \zmtti v t ^ 

fc. L*^Lft*«^, S5teitB8¥ 1 1 - 3 2 9 7 4 8 
«tl^«fC. Cl©«ft3S«^©iSt> (Jtata©<ftt») 4*J 
«^ffifflLT«S©^^rL--^ h^tt^Dofc*^, 

fsi (««tr¥fTft*ifii) ^©^mttt'^oT^Ttiur 

fC. 03 8 (b) H^-r<t-5lC. ii5 5iiS5 2^ 
tt)l;2mmfCXh7-fy)gttT-, 5!^f;:fi£3£M-r 
-Si^lCf^SL. ^7tx'J7^3cH«^©2mm^iE^ 
m (□) iCft^i^JBSLTfc. ^Hfi® 5 4*iR>fM© 
2mm^E*§ (□) ©X'J 7£t^tC#fiEbT^S t 
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O. Z\<F>m=f-<7>5£%:ViU*tt^-m$:mZS (a) ICS 
82 00 1 - 2 2 5 8 4 7 ^WM9<D^m&UZ&^T'n 

tt5ytH-7X^ (2mmft«ft (□) ) £r{£ffl L 

x*. Bfa©H*©*£«KttK#&tt*;i io 

h©ttT£JH<©T?fiF*L<&^. 
[0 0 0 7] 

[»«FX«] #H§B85 9 - 1 9 4 3 9 3*4i* 
<&l»Bg 63-264692 #&$8 
#g§¥2 - 1 5 5 9 

fcHHWBM. 5 3 9, 5 0 7^9J8B» 
*H*M1F*4. 7 6 9, 2 9 2 1 %WMm 
*H1«HIS4, 8 8 5, 2 1 1#Bjffl# 20 
[0 0 0 8] 

fc©T&0. *aitttt&*o*ttEL*??fiBj&B 

(*flU7j|«Ot60) j/t H-TXJC** 

t>««t. 3&*«fc<£«»ii6fc*r*xu* hojR^y 

•fe > h £ a«T * Ci tc * * . 
[0 0 0 9] 

^r-5tt^co^7t^---y -tn^n 1 . 0 x 1 o ! 

Q • cmHl, iff £ L< \t 1 . 0 x l 0 s Q • cmHl 40 

tfi&m+&mm\ziHET*wtL9iv>fMt3.=.y h©*a« 

(XttBKft*) effe^TS SfSft:!^ 
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%$imfim?<Dmmjjftiz*-)i,$ : &xi>. mm^iz 

[0 0 10] fftto-fe, *S^OtiEL!Sfli, ttA 

Tzm&mmtmmmMiDffiiz. 4>u< th—mo&yt 

1 . 0 X 1 0' G • c m£U:. $f £. 
Kttl. 0 X 1 0 s Q • cmW±Oitfigi^^r-r'5S 

a, ft%e>&mELm : ?izt5ftz>mmt&miz&£rirz 

Bfcl. 0 X l 0' Q ■ cm^cDitj&iri&m-rzniS. 

*e»tt©BT*s. 

[0 0 1 1 ] *9IB»IC*HT. r^ZL-y hj t 

tt, £lc*raMI:^«]&»£fcSd>&< tt>— J1058*MI* 

t^ilJ ill 1. OXlO'Q-cmEtl, ffil 
<»1. 0 X 1 0 s Q • cmU±<Dlt&ifi$:1i-?2>n55. 

ffem&omT'&iT. w&<Dm^n&mmiz&^-cm 

[0 0 12] *£Ha>*«EL£?£ftfr>T. «ffrfg£ 

* * > £ 5 y # ;u t - * > & -S) mm&tfm 

t7y*^7-t>tl (ff) ^\ «JEEn 

-MftAL. «»36£B©»S«K:»-rS56#:x-y 

[0 0 13] **WOt«EL*fl:iHT, € 

ffi3S±Bfi (a) -f^->ft;#7 i >->Y;P^5. 7eVJ; 

mtfsmias- (b) (a) ©#«{b^#i£^t:S7cK^; 

C «t * Si^* S ^fifc L 5 MiMiffXtttiliX 
*b&5ai«:X(Jl^l*>e/i0. Mie (a) fiJc#<h 
(b) jS»£OMT*fl:»5cRlSCJ:a««f«HMB**« 

&mTzmmit&®&®%iZ7~st>)i't>Tx>vimttt. 

Z>\Z\$U->it#'r>i'\)WS. 7 e V«t O'h^^Z. 
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>x*;P*i5. 7 e VJ£4_tT&££, (b) J5E»OftK 

[0 0 14] SSfc:JMtt3fctt. (a) «»<0*ttMb^ 
«««7'J-^7$>ft^ftT*0, -«SC (I) : 

Mb 2] 

Ar 2 

Ar, _ j) Ar 3 

(SC*. Ar,, Ar,itfAr,tt, *ft*tt»fiK:« 10 

tt7U-;P7 5 >ft#«6«(!:lTlt WCBJfettftH 
4$B1¥ 6- 2 5 6 5 9 6 -2 0 3 9 

6 3^£>$8, #&8¥6-2 1 5 8 7 4^&*U 4#fPl¥7 

- 1 4 5 1 1 6 n^m. 7-224012 

#S?7 - 1 5 7 4 7 3#&«, ffl¥8-4 8 6 

5 6 n'jkm. 7-126226 *§&$k, &mw- 7 

- 1 8 8 1 3 0^ii$8, #H8¥8 -4 0 9 9 5#4i«K 
4#H8¥ 8 -4 0 9 9 6 *»4MR, 4#^¥ 8 -4 0 9 9 7§ 20 
#M¥ 7 - 1 2 6 2 2 5 4#B8¥ 7-10 

19 11 ^4MI, «fM¥ 7 - 9 7 3 5 5 ^WKBB^S 
tlt^§ 7 U - JP7 $ >ft^»!S^i 1/ < , 
N, N, N' , N * -^h^7^-JP-4, 4* ->>7 
$/7i-ik N, N * -y7xZj[/-N, N* 

(3-/fj|/7xZW -4, 4 ' -v7$;t*7xr 
;k 2, 2 -fx (4-y-p-hU;l^75;7xr 

7 P D/t>, N, N, N" , N' -rh7-p-hU 
;U- 4, 4 ' -y7$yh'7xZJK fX (4-^-p 
~hUiP7^y7xr;i/) 7x.~)l'*&>* N, N T - 30 
y7x^l/-N, N ' -V (4-/h^y7x-JW - 
4, 4' -y7^t'7x-Jk N, N, N * , N * — 
7 = -K^7rcn;i/- 4, 4 ' -y7$;v7xz;H-7 
;k 4, 4' -h*X (y7x-Jl/7$7) ?*-KU7 
x^;k 4-N, N-y7xZ^7^y - (2-^7jl 
—)\,\L—)\A ^>-tr>, 3 -y 4 ' -N, N- 

:x7x-;U7^/X^;i^>-fc*>, N-7xrMJl/A 
*/-7k 1. l-t*X (4-y-p-h'J7$/7xZ 

;u) -yi7D^>, i, l-ex (4 -v- p - h 

'J7S/7X-W - 4 -7x'^yy U^t^ e 40 
X (4-y^f^7$/-2-^fJ|/7x-;P) -7x 
~jUy*>, N, N, N-HJ (p-h'JW 7^>. 
4- (y-p-hU^7^7) -4' - [4 (>>-p- 

hu;i/7^y) x^u;u] x^;u^>, n, n, n' , 

NT -f h77x-;K 4, 4' -y7^;-t f 7x- 

;i/N-7x-M;i/Ay-;k 4, 4* -ex [n- 

( 1 - j-7?-M -N-7x-jP-7$/] t f 7x- 
;U, 4, 4 ? ' -t:X [N — {l-jry^M -N-7 
x-;U-7^y] p -^-7x-Jk 4, 4* -h'X 

[ N — (3 -7tt?T—)V) -N-7x-;i/-75 50 
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/] t'7x-Jk 1, 5-bX [N- {\-±y^)V) 
-N-7x'Jl/-7^ y] ^7^l/>, 4, 4' - tlX 
[N — (9-7>hU;U) -N-7x-il/-7$y] fcf 
7x"Jk 4, 4' ' -ex [N- (1-7>MUW 
-N-7i-^-75 y] p-^7xZik 4, 4' 
-b'X [N — (2 -7xt/h U;U) -N-7XZJ1/- 
7^y] t'7xZJk 4, 4' -bX [N — (8-7;i/ 
*7>T—M -N-7xz;l/-7$7] t'7x-Jk 
4, 4 ' -bX [N — (2-t:i/-W -N-7x-Jl^ 
-757] t:7x-Jk 4, 4 ' - ex [N- (2 

-N-7xz;i/-7^7] b'7x-Jk 4, 
4* -h*X [N — (1-3D*-;U) -N-7X-J1/- 

7^y] t'7x-jk 2, 6 -ex (> ? -p-NU;P7 
s y) ^-7^u>, 2, 6 - ex ( i -i-y^ 
m 7^y] -ryzvy, 2, 6-ex [n- (i-^- 

7^)l>) -N- (2-^-7^71/) 7^y] ^7^U>, 
4. 4* ' -ex [N, N->* (2-^7^) 7^ 
y] ^ — 4. 4 ' -ex (N-7x-J^N 
- [4- (l-^7?;i/) 7x"M 7^y} Dx- 
7k 4, 4 ' -ex [N-7X-JHN- (2 - ei/— 

;p) -7^y] t*7xzjk 2, 6-ex [n, n-v 

(2-^7^)1) 7^y] 77^1/>, 4, 4' ' - fcf 

x (n, n-v-p- hu;u7^y) j-7x-jk e 

X (N- 1-^7^7W (N-2-^75 1 ;!/) 75X 




T^fr£n£>4, 4' -ex [N- (2-t7fM - 
N-7x-JI/-7$7] t*7x-Jl/ (a-NPD) , T 

Ub4] 




[ft 5] 
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m^zz£tfT'£z>. sfc^en. &tv— jut s>it 

±§B. a-NPD, Xtfn-NPB. Xfcfa-TA 
D&tf 2 - TNATAlW7X6#*i!9 0tH±TSi 

[0 0 15] *%WfffiELIfl;*J^T, 
[0 0 16] 

gEft E L Jfc^F CD» jgT-& 3 Hlfl/8^i 
-7h (4>&<<ht>-ll<D3gftB£^tf. &zmmm> 

mnm<Dt>%. mnm\zm£tifz&yt=L-y htm&m 

(2<1«±) ML, SM^yhiSl. 0X10 ! 
Q • c mHi, £ L<\tl. 0 X 1 0 s Q • c m&>± 
© it JSta * * -T •£> m^Sttt ©ft^ £B t~ <fc o Ttt 

[0 0 1 7] EL3?H43, S 1 lz^?&o 

feo. mmmfrzn? (e- > . 5 (h 

*«b383tr*. dtllCttLT. **91K:.fc**r«EL 

[0 0 18] *&W<DHmELm?lZi$<,*T, nffi5££. 
m*MtfL-?Z>tmtVT\t. Jtttlfttfl. OXIO'Q 
• cmttJb. ffiKttl. 0 x 1 0 s Q • c mKlt* 



<&. Sfc. ««f$S±JH&»j*T*»*4tt. ±fB©itjt#i 

tt. WIBcoJ:5{c. gfc*2a«©*tfcie©fBJIft:Xteig 
5 5? ts JUfs =f-* > £ 5 'Jfi JUT >frq> & %ffi&W) 

[0 0 19] mrlBOi^tr. 4cftn03R?(C«tt«*Hlr 
fg£B«, (a) -C&ZTV— JUT'S. >{£■£%>£* 
(b) KTU-JU7 5>flSd*t*ft«7&R*fcJ:9T 

0311 iJlB© (a) f£#<!: (b) 
-5= 04H fjfB© (a) (b) <&#©21 

[0020] sec, 2 whoa: 

♦ffiTtt. &ft8 00-2 0 0 0 nm<DlMS$t:S 

m&mTte. ISS 800~2000n m©ifi#fl.^f;: 
KiRX"^ h;i/©tf— flfitbKJ, 2igO<t^«irflT© 

[0 0 2 1] I5H 7U-JI'7$>ft&«lT«52- 
TNATA. a-NPD. X tfn - T ADRtfX - 
40 NPBi, V,O s (5WLiW-ZJOI±) ©^tl-etl^SS 
T©«iRX^hJk SO:S7U-*7;>ft^t5 

*<fc/Vf-5**Att. MtWS8 0 0~20 0 0nm 
©jfi^M^l^br— ^S^$ft(ri*<. 7'J— JUTS. >it 
■SVat StiHt/li-i/V A t<Dm-&mt. ig8 0 0~2 

0 0 0 nmcD&fcfl-mmzmwtetf— ^^^l. mi^^ 

6tt. 2-TNATAi:4F-TCNQO-!-n-eft*ffi 
50 IRtfii^lOM^^^ f-MSL, 07H a — N 
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15 

PDtRe.O, (7ift2 1/r>?A) ©g£tt©©iKX 
^ Y JlZ^-f* ^5~@7 lC^bfc#S-&K<^KJRX 

T. m3WStfc^©'Kfcf-i 7 * { jfi*^»*8 0 0 nm 
~2 0 0 0nmOttll:IMSftT*?). *#8f!#e>© 

[0 0 2 2] *%^tC45^T. r^OL-yhjtli. 
rflaE©#«EL*^t«*r*«*J tl/Ttt. 

«, mm) /mtm/ (■*> . <»«) 

jUJl/fgftlf/ (DM) . (MS) /*-JH*i£«/» 

ftm/n^mm/ oftff) . (iMi) 
iciottt^enx, sa (2«a±) #£-f-£>t>©T- 

[0 0 2 3] fcUTtt. -««Mwtttt*Wft 

jR. Ms. Ca§©7MU±SfI. EuW±S 

i. Ag, i n&£<D&&ttEt)mtf e.n-5. * 

-e^ysnfcSrWIiSJB^**^ (#l¥l0-27 
0 17 1 ttN 2001-102175 *f &3S# 

KB) Ttt. es®«#«tt«^T$.n«. ^©tt^Hft 

93#'biW#il s Fl 1 -2 3 3 2 6 2#&$BRtf#B8 2 0 
0 0 - 1 8 2 7 7 4^«ffilCg§Sbfeft^<&«fflbT. 

u ±m&m< * >Rix*±a*«'f * >©'>& < 1 t> 1 

ICMtcU^-S^S, W&tf. A 1 . Z r . Ti. Sift 



9 ) #Pi2 003-272860 

16 

^M^stt^©s^e>«ifSbvi. 
[0 0 2 4] nifiwtbTH ttcMRM: 
i to (-r >s*>/» • -r-rwtit®) . i 

ZO K>5?«>A • 3BBgtffc«5) fc£©«H»««»* 

[0 0 2 5] S6C. *fcraD<**9i#&}W*«2 0 

10 0 1 -1 4 2 6 7 2*«Mt:Etbfc¥St»^'C I 

C.fc-3TfT3»£tt. fJj££^«K#iil¥l 0-2 7 0 
1 7 1 f^STEIESnTV^^I F-tf>^^tlfc# 
«B£«f &ASKffl<^*l«lfflj2fi© I TOt I Z o©<t 

-&^*>{il3lE-5U ±lO-SW&f i E L *f t 

t>|£SfiiJj&>£$&«>-5i&gte&<. ftffifflW^BEKS:^* 
[0 0 2 6] *^?l©fiELtfH *f|Srr 

giiSffimswPBUcffiSfi©^^--^ h£*ru §#g 

ftj.- 7hiU. 0X1 0 ! Q • cmRI, fftKli 
1. 0 X 1 0 s Q • cm6U:©JtJ£8t£*-r*««r5S£ 

ii:ioTtt«6nTi>nn i&ffi-*>i£«*m©tts> 

[0 0 2 7] gfb^* : f«jfi**-r**fS«©#*EL 
ST?tt, :M>jrCt£*©#«EL^ 

(ft) /8>©J±j T&sfifx^wifEte. S»±. i 
(=10 0%) Tfcofcfl*. *5B^CJ:*#*EL*^ 

n-2>*-;u (h + ) aAttti^ficffitf* <*><- 

40 <HHOMO. . . fii^&filftil) A^©lfO?l^ft 

^^s©»nfiiJf'^-r^^^*fi£-r-s.w«»fK©fiB 
Bg-r-swci^iiS©^* (t>L<ttLUMo. . . s 

0tti"ritJ6l'WJffl^n-5*^T'$)^. tot, -i;^^ 

(ft) /®t. &3tit3--v bfr*>tft.tii2iT.2>yt? 
50 (ft) /8>©tfctS«$tl^) *^Hq©#« 
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ELSrf- ©S^*£&9. -£-©ttfc±f8«&^. OS 

[oo2 8] *>*33A,. *5i!i£©;£«iELami. mm ic 

gJWil. OxiO'Q-cmai, JfJKIil- 0 
X 1 0 s Q • c m «±©JtJ8aS*rT**6»tettlC©*- 

«el*?jWM* (n<@) . «w=*«anfc*o2rfc 
<i&{Fr*&«i>. mmmEE\z&%ft3--y hiz^rm 
gsnss&PITtt (vn) ©&fa (v=vi+v2 + 

+ Vn) T$5Cilt fpStt)^. ffi^t, 

TtcfifEIlli- 9»fc:i-vh©S (n) ffimte 

[0 0 2 9] ^tlKfcJtJfcST, *»fiELtf 
^3l5^©W«iEL^CDf»Stt. ««« 

©ffg£*«T*#-5. ZL©KK «»3!B©SDtt»«ffit>n 
{ft. fcKI«nK±i:6*OttS*1?*8««. n{g© 

[0 0 3 0] *^?3©tIEL*f©»lt^I 

WELJfc^Wlftnttfc&D. ■?■© (5E3t3.= yh©) <@ < 

(iO^CIIt^ZOOOA (2 0 0 nm) RTt* 
ofc) . 2 5 VPiTT^utS^StL 

TlATc^lC^-Tfc. ^^©WSIELsSt^ *KW 
C. ffiK9*iE L#f ttt»ft*»l Wt4. (S3 
BkodakWWF. #P!BS5 9-1 9 4 3 9 3^i. 
4#MBS6 3 -2 6 4 6 9 2*£*. #P§f 2- 15 5 9 

5^£«. *H#ffr3l4, 5 3 9, 5 0 7fflf. R 
fS4. 7 6 9, 2 9 2f«. 3*4. 8 8 5, 2 1 
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1 «9Jtt*#!R> 

Tfcfr^ *^^©#«EL^^tCli. ttSIH|gUP©± 

f*IfIEL*fli, KKmJE©± 
#m**J^&xf)* (W/W) ©<£T5:la<fc*tfC&oit 

h*«SniwS«S**t*3tBM&«BE (turn o 
n Voltage) fb*n»t&D. ftoTlSi 

^) feBSn^t^i.fc*, ^©^^aMciim^^ 

[0 0 3 1] £fc< h^«»fiFfiE-r4*«W 
Of IE L $f ©II btli, Jfc^fil&Ofelft 

ttSftMTfS-sjS^tfens. se*s© i «©fE3t^- 
swriE-rsBt+KSftT* e>jjs-;u^©^s-e»s, 

H«me («»») ®*&££Ufci§£«. HP*5B#*iP 

MRfftfff l^©T?, gJSWfe^tt^teT-TS £ 
it), »S4#je©563t3.= y h*«g*bTHfciUT 

[0 0 3 2] -t-©«&fc. flUtVh'Jf X«ifi© 

'>«:. |H^fiettcJ:-5SJEE^T^»«©®«-t#*^* 
) tflct*. d©ATt>. *f§^©*«EL^«ii«W 

L (5Vfl OOOcd/m'OHS^f ^>tl5 
i, 5 0 VT- 1 0 0 0 c d/m' 
5R^Sit»bT. EIS;SEf:±oTivci«W4 

[0 0 3 3] *fc, B*c*w**^-K3«6**aia 

EL«fl:*V>Ttt. I TO#(Cf^«$ 

n*aW«S»«©lfc^t (~1 0 'Q • cm) J4. ^ 
B©tfcffifit (~1 O 'Q • cm) cjf<T2tea«av» 

(C^^mfiE (V) (t>t<tlSlE (V/cm) ) 
50 TTStft. IS*»Cie«»»ifi»iJS*T?©W«tr& 
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[0 0 3 4] *5EW»=*»*«W5S4«©lt»a[ 
tel. OXIO'Q-cmHL Sf^Klil. 0X1 
0 s Q • cmiKitSHWI' I TOftfOittttm 

(~10-'Q-cm) it) fett4*WC»^««©*>©* 

ft i» . fc » 5 ^tt fc* tt* J&JM *« * £ fc *»tH 

[0 0 3 5] @8H *569i©— *J61B*T*S*r«E 
L*^©*li*jSfc*TI»S*raBlT?**. 

(393SS) l±l"H. I^Sm^^^fiE-r^S^ 
*S2. 9ttft^-~y h 3 - 1 , tffS4i4-l, 58* 

n- y h 3 - 2 , m^fg^B 4-2 20 

fi£B4- (n-1) . 3S*:x--;/ h3-n£|§D3t£ 

(1) ©5%. (S91SK) i, 39Jffif« 
12. mJt3-—v h (3-n) (tfc'Ln=l, 2. 3 
) . HSii5B^Og$T*0, ttjfiifi*U. 

OXIO'Q - c mw±wmftw«6^tt»m^fg*s 

(4-n. fc£Ln=l. 2. 3 ) fCioTtt^ 

tlfc&fiftx-y h (3-n. tft'Ln = 1 . 2. 3- 

•••) nfiw&m. w*aniiK:aF«E-r*j«*«**w«)#«E 

Ljg^roSfL^-SiTa&S. 30 
[0 0 3 6] ifc. tlELffli «S#fi©«ft3tt 

■5«*5?££S 4-n IllIfltt^Ai. KSSS^lSHC 

LTtiStfSA (NI&) Bi:*-;uaA B© 

^^cS^iftS. 40 

[0 0 3 7] «Atf. &fiSM14-n*^^tlS 
[SjC^&A^-f fclStti. 1 0 -2 7 0 1 7 1 

ffii-?>tM2 001-10217 5^^ffi(CB8^$n 

ftfc iseu:©&JB*>e>ft lh. sfc, ±te 
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#Ift^*l:»l/T0. 1-1 0Tfe«4>#ff£Lfr>. 

10§4i@^t. i<f©K-^> 
TL$5. ±£©<fc5ft«^aAB£ : f-r*8lJi£©fS3fc 

[0 0 3 8] J{*az7 HH:, *ffifg£B©B&ffi 

bT, 7;k&U£H, 7;kfrU±g£JB 
ft^±«£B©"5 5a>S«?£n*£R*»5ft-5»P 
d5 5nmHT. ffiKHO. 2~5nmroi*6&5 

fc. Sft+T^ftJgftlfteJBjWlfiKSF 
©T?#*L<ftH. 5nmKT©B0P*#-r*K 

#«:ftLTuft<,>. 

[0 0 3 9] *fc«jttt\ #«ttX£Jl4-n4>&IM 
@^f6]tc*^aA-r-S>l^tC«. #B8¥ 1 1 -2 3 3 2 6 
2% v «^#«2 000-18277 4^ii38 (ttJS* 
BBWffFfte 3 9 6 2 0 9*f91ffl») (t^MUlSC : J . E 
ndo, T. Matsumoto, and J. Kid 
o, Jpn. J. Appl. Phys. Vol. 41 

(2002) pp. L800-L803) IC (#3g9f# 
6K«fc-pT) B*£*lTV>-5«^&AB£. «}tfg£B 

AB«7;p*u^JS'f^->. T)iiiv±m&m-i 
Tft-5 r-5-©«sj^^BEgj t/ifs?$na#. *89!© 

n„ ft*. d0^fc«ffl$n*r»«7c*RttKft:^*tf 

<D&mu->&m7i-?z>mz&£>\tmtt<tiT. 1. o 

x 1 O'Q • c mK±©Jt^t*#r*lftlH4ft^«tc 
(uCTf5 'SIS©' Onm 
£tTO»J****b. &%kSL7t&mo>mm& l 0nm£ 
»**itta^KJfcK»#Lftlr>aJKH[?#35SpUT 

) 

[0 0 4 0] Sfc«aJAtf±!S© r^-©^S^^fi£Bj 
m. (&ffl¥- 1 1 -2 3 3 2 6 2 n'£m^&M¥ 2 0 0 0 
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-18277 icie^stiT^swra&jg&ft 

[0 0 4 1] $ 6 tC> ±IB<D4#K§¥ 1 0 - 2 7 0 1 7 1 
f^ffi^M 2001-102175 #4i«. 1 
1 - 2 3 3 2 6 2 *f &$g*>#8! 2000-182774 10 

f%&m mfc*ww?tf&6 39620 9^^«») <r>m 
mmiz) g.-f&mw- 10-270171 ^tem^&M 2 

0 0 1 - 1 0 2 1 7 5«>*ilH-tr>^Ji*0rflBWC 
(ffiftlfi^ItLT) aiLT, *#K«rBB¥l 
1-233262 #&$R-*»#M 2000-182774 

latgffln^tT, ELaFpoHtuca-r 20 

2002-27365 6 ^■^*ffl«(C#*ffl(Cie LT*5. 

cos§, mm#g£B r^co 

s^T»jg&«^aAS©jg^s-r*sc:td<¥iJKb 
fc. 

[0 0 4 2] SfcWAtf. #«ffi5S£«4-na><SI*« 30 

^faic^-^&A-r&i&icte. i 

1-251067 *§-£$8*>#M 2001-244079 

izmm-r^mtLxm0S.vxn< t, m<tfg£S4-n 
&mm-?z>#m<Dti:mM8.iz$>t>*>?. 

^ti) I^MLt, *-;PaA@ttTt)J;K CO 40 

ifB3 0nmKTtno*s»SL<, 0. 5 
-3 0nm©Kitt5«*«ff$LK ®IJP#3 0 nm 

[0 0 4 3] m^Sgttffcfctt OV-i z.mt£®» t L 
•>A. 3tf{fc7;US-9A. mtJIVZA. &{t#<)0 50 
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A. 3Vfc-i >i?<y&, 5mt7>^"t>. 5 7 7fttlt 

y?aD*y» , TNF (hUrHD7Ml// 
» . TCNQ (fh7->7/ + ^v/^» . 4F- 
TCNQ (f h77MD-f K5v77+y v 5 ^^ 

AS*©WfiSffc^«Ji«T§^tt^«) (F-/t>Mfc 
©tJUfcJptt. #«fl:£»K:#LT0. 01-1 
0©$eHT$>^<D^*f* H— /1> hcDjt^'0. 

0 l*mr£5£ h*-7^>hCJ;0K{fcSnfc^ 
T. ®tffc#^<t*rf Sit K 

OR'I'lflEJj'IItfiTtSOT. H-if^^roja**) 

[0 0 4 4] «^^^^fig-r-5<iiM©tt¥H 
fed* 4. 5 e VK±T*ft«. MS*? SStt<t£tt 

OWXHb^*) £<£fflL-&<T&. 
K#bT*-;P&A*ia6&*£#&*. Sfca>C. ^12 

(ommm 2\zmvtc£oiz. mw-i ^m<t^^<D 

[0 0 4 5] *^HJ(cffll,^^^rL-^ h(c43V^T. |g 

^©w^EL^tc^ffl^nT^fcrn^aAS^*- 

[0 0 4 6] *li©tiEL|fffl«ffiH ft* 

T'\*7a-tx\zmr*wfrfr9-rg. atz&mtzmmtt® 

t$H2 0 0 1 - 1 5 3 3 6 7^BjaB#(-i3HTti*Lfc 

^0 1 0 0%tri5^*^«)C:i:^T^^ o 
[0 0 4 7] £.fc. *^l©WiEL*f5Mnf 

Iff-AltS. U— >f-tf-AjI«J£, X/t 
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it fete. »**Sfe^ftKJ:0*^-yy h©«ia*© 

hSX/Vy^81 (#12 0 0 1- 1 42 10 
6 7 2 #fi!91©fHftfg£JI©»fi£l;: 

[0 0 4 8] 3Sfc. *«±Kj*gt;**1*£T©B£, % 

*ai*i«iti[« , r**iRio«i#xij7's*A-T*iis» 

MCJ:oT(SRt5Ci*«TS« (#12 00 1 -1 
5 3 3 6 7 *93*B»*!R) . 

[0 0 4 9] *5Si©f«ELifH ft*©* 

• EL*fttt*SO. «3tttt«**i:tfttfC»*LT 

&*EWt**T©*6*iWW£T 1 / 4 ifcB©B& 
iSfftft (AX (2n-l) /4. &**U n = 1 , 2. 

3 ) -vfe«*c*feKa*08*H»*e*«;:&#s 30 

6*S««fllSET?fiD**WH4» 1 / 4 ifcfiK 

[0050] *5fign#e'tt. mm<Dwm2oo 

1 - 1 0 2 1 7 5*&«K:*t»T. JtSWHfSCft-r* 

<t£Z\Z-?tlX*#%}%:tfimW\ZUQ. fell DJD. 40 

©B&tff&fg (AX (2n-l) /4. fcfc'L. n=l, 
2. 3 ) l:RS*ftTt>TnR*f*t<aii. £ 

<fct>. iBCKJtt^Btff* 1 1/4 (Ax 

(2n) /4. fcfc'L. n=l. 2. 3 ) iz«L&tS 

ftTHT. n»#*#<&*<!:. 7C©fg7£fc:-£ftg© 

&5B3tS»*OteT*««»*nfc. Ifc-sT. *£^©W«8 50 



[0051] ^fcffifc, ^©ipfeibl^if&is 
san* tea, ^*7ts*tii®T*ofe 
Btumsi (loi^tt^sig^iiiitas) *n 

JSLEWB t#LTl>fttf ( C 5 

4>*aasaght«&&«) ffamruttxmnftjRics 

[0 0 5 2] TE^iiWKSbfciiC, 
[0 0 5 3] 

Tti*. *Al»?$fiffl UfcSERtz^-C R TM- 
8 0 0 0 (ULVAC (B*X^S«tt) ») £<£fflL 

(Tencor) tt« P 1 0 &fc£f-3S;I§:IIU-£ffl Hfc. * 
^©WttMBKtt. y-XU— (KEITHLEY) tt 
V— X^-^240 0. hy3>BM-8»Stf$fffl 
Lfc. ^froiTO^Ki, Al^iStLT, safes 
EESrO. 2 V/2#©SiJ^T7.^-y^tcEnit!DLT. « 
ffi±#l»«©»*Rtf««Eft£»j£Ufc. Sfc. EL 
hJUtt. S8i*K-^XPMA-l 1^7°^^;U 

[0 0 5 4] EL Slf^OffHW- 

©#«EL* : F«Te©J:3KLTfe»U£. ^7^S 
«l±Ktt, £9JI®&m«2 <hL-T. ->-h&tn:2 0Q 

/□© i to w >-^^a • -r-rmim. mm^ttrnx 
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loo (a) #bhj . -e©±tc. mmom&mm&m-?* 

^40 (ilOO (b) ) £frLT*-;M62!te£3rr 
5«-NPD*10-tor r TT 2 A/f*>©s£3tj£g 

T7 o o a©jp£c:j&®£lt. ■fc-jimmme&Bf&L 

fz. Wz, mlI3*-;M$i£B©±f::, ^l7tLTT 
BSC : 
[ft; 7] 




# (6TF. Al qt*E1-4It*«»S) <t, »638?c 
^fi^Tfe-S >^g#: Ci§p D D £ : C 5 4 5 T 

(k od AKitss) j £. zv>&yt&m&imm%om 
mttt&£oiz&* <Dm%i&&$:mmvT 4 0 0 A©f 

^JCfSBILfc. ME5S3fcJi 7 ©±fc. (C 

s) *!K-t>^nfcl?aAS8i:LT. TfB5£ : 20 
lit 8] 




T-iSnSAV^yo-f >£&JB-fe>"7A (Cs) £^ 
;HtTl : 1 £fc*«fc5fc#*©IS*S«SIMBELT2 

0 OAOffSKjEfcfllL-jfc. ^K, GUimS 5 <*: LTH&Si 
fi!(Kffl4I?X^4 1 [010® (c) #M) ^iMT 30 
A 1 Zmm&g. 1 0A/g»Tl 0 0 0 AcDJP£lcas#L 

ft. COia»C«tt3T5B3l£««tt. «0. 2cm, fit 
0. 2 cm©IE;£«#c<h&-5 (@10© (d) #.^) „ 

mztirzmT-^mftx^z hj^m 1 6 

tBELigffciJUT, illit^SITOiilil 

t*5ai trorat, ia^tmjE^ffijtJobT. (a 

1 q : C 5 4 5T(DftIf|) fr£>©Hb&5S7fc©lg!t#tt 

E2i, 02 zmsmz 3 troo/D'^ k 
a. -en-en, c©*? (Swd ©?fg? (cd/m 

') -SEE (V) mffi®& (mA/cm 1 ) -IE 40 

(V) #t£, (cd/A) -«8KfBtt (mA/ 

cm') Sr^-T^ d ©^©fg^BB 

$6mEE&2. 2VT*ofc. 
[0 0 5 5] iWJ2 EL 

*©*iEL*f6«l|l« 1 tH«tTE©J:5Cl/T 
fEiSLit,, ^7^*«l±lr«. ill^fg2^l 
T. bjgtn2 0 Q/O© I TO (-f >y | 5A • "^"^ 

3-f-Sm^5 (010© (a) #{H) . -?-cD±(rW 50 
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ITX^ 4 0 [0 100(b)] ^LT 
^-;U^2H4S-^-r-5XtrD-NP B£ 10-'torr 
TT. 2A/#©|K*j«ftT8 0 0A©»£Kj5JMl, 

■ 0±C. HtcJI 1 0 £ LTTfciS; : 
[ft 9] 




TSSnsxeo-DPVBi^, 2 a/w^js* 

T4 o o A©jp*cjaatLfc. ^{d, mexftmo® 
±icswji 4iH-t:>iftfaAii i 

£LT, Ay^yD-f >t^JS-tr->->A (Cs) 
tfcTl : 1 ift5J:5l:**0*taitSiH[LT2 0 
OAOfSOilLfc. ilfg5,hLTl|gf£ 
1^8-7X^4 1 (01 0© (c) S^LTA 

1 5-^*jtari oA/ti-i o o o AtDmzmmistz. 

£©ISK.koT*3fc«*tt«0. 2cm. ^0. 2 c 
m©IE;£iM*i:&<5 (010© (d) #Ba] . f#£txfc 
if (**fM*J2) ©fgftX^ f-JP£01 7©^«!t^ 
Lfc. C©tiEL*fi:«HT, Hgf I T 

otgiiitssA i £<dth\z. m.mm^miaL 

T, fgytM 1 0 Ufn-DPVBi) 
©BiltJISL/;. 0 2 4, 02 5fi.L*02 6 ^©O 

^-n^n, c©^ (**«sj2) <Dmm 

(cd/m 1 ) -SEE (V) (mA/c 
m') (V) ^tt. S»S^^ (cd/A) 

(mA/cm 1 ) ^^-ry^^-Cab^. C©5j?^P© 

[0 0 5 6] mmm3 («e*©**EL*^-ofp««- 

*fe%7c*T©0iJ) 0 1 2 lr^Lfc«S«jfi^*-T-5^ 
315©#«E L JfSf £««fl0y 1 £H*fcTE©J: 5 IZ LT 
f^BLAc. #5XS«l±lCte, »ggifg2ct 
T. ->— hffifet 2 0 D/D© I TO « >isOA • 

3-hStlTir>« (010© (a) #!fj . ^©±fc*T 

m®>&.mm&m^x? 4 o (010© (b) ) ^lt 

*-;HBiH4£Wf £ o-NPD$10-6torrT 
T\ 2 A/S>©J|#jgST-7 0 0 A©^^ICfig^LT, 

©±(Z, fg^Jf 1 3iLTAl qi, sRft3B3t»*fi* 
tfcSDCJTB (KODAKttl!) £, d©?£7fcfi3l 
#1 Sfi%©ig«<h&5 «fc ? ICS* ©i&#iig£IBlgL 
T4 0 0A©(P^I;bEIL/c. K\z, MEX^I 1 3 ± 

\zgmm i tn«»c. &s h-t>maAi 1 4 1 

LT, AV^yD-f/c^It^A (Cs) &=E)Mt 
T'l : 1 t/«t^J;5lcS^©^«igS^|iSLT2 0 0 
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MHVX^4 1 (@10O (c) #1) ^LTAl 
^IfMl 0A/g>T-l 0 0 0 AcomZMMLfz. ZL 

<z>xm\z£?T%xfcmmo. 2 cm. mo. 2 cm 

OiE**tti:«c4 CHI 0© (d) #fig) . f^tlfct 
=t (**0iJ3) ©SHfcX"** h;H£Hl 7 (CfSHTTK 

-r. ^ww^ELsg^tcij^T. ^am®if*.-5 1 to 

i^Sm&T&SA 1 £©fSH::. ilzigSJE^EPJnJLT. 
^TtH (A 1 q : DC J TB©ftffi) *»6<7)#fi« 
7fc<Dttl#t4£i!l£L£:. 132 4. 12 5Rtf02 6t<O 10 
H-yPyMi. -^n-^tl. ^©iSi^ (K*^J3) ©«a? 

(cd/m 1 ) -MS. (V) (mA/c 
m') -IE (V) $#14. «8E3ft* (cd/A) -«« 
(mA/cm 2 ) $:St^7 7T-Jbl>„ ^©sfi^F-© 
fgftP3te«EE«:2. 2VT?£>ofc. 

[0 0 5 7] («*££JI£<V, O. (5&{bA 

:7->"7A) T£>-5sSm 

Mifi-r*. **PM1 £Hi;**-e. (Bl 00(a)] 
fC*L;£3r£A^— >IC=I- h$*lTU-5 I TO±(C^T 20 
MSIffl^lVX i740 [01 0C0 (b) ] ZftV 
X. %7t^L--y h 3 - 1 fcjfcltUfc. -J-^tot, o-N 
PDS6 0 0A. Alq :C545T=100 : 1 COl 
£4 0 OA, Ay^yn-f ><t#JS-b->^A (Cs) O 
S£B£ 2 0 0 AoffSKJfctafcBtLfc. jfcfc, fjte£ 
JBK-tf>^BO±{C*^^g4- 1 tlT. V, O s 
(51ft/tti?!7A) «M2A/fT10 0A 
<7>JP£|-J*gtUfc. £©^«fg£g*>Wfi8®fi)ailffl&J8 
^X?40 [010 CD (b) ] ^flTML^;. # 
t~. W«^)fi)clSffl^K-7Xi7 4 0 (110© (b) ) O 30 
St. SIJ5&©Ig£ 1 6>5 — ftMIOMLT^^-— y h 3 
- 2 £fi£JBIL;t. "T^t. a-NPD£600A. A 
U:C 54 5T= 100:1 (figJt) ©JI£4 0 0 
A. /ty^ya-Ot^Bty'JA (C s ) ©jg£-S£ 

20 o h<nmti\z, m'-kf&mistz. mmz. mmmms 

^LT. A 1 &M%ti&&. 1 0 A/g>"C 1 0 0 0 A©J?£ 
fcj££U [010© (d) ] (C^Lfc/1^->^WT 
-£>*rtlE Lf^Sft. 8ili:ioT5iM^ttI 
0. 2cm, |0. 2cm«EMtt)ft^fe. C©* 40 
lELIfl^^T, I TOilSSIS 

TrfeSA 1 ^©IHf::. agSmEE^EnJnLT. fg^Ji (A 
1 q : C 5 4 5 TO&^SJI) J&>5©»&5SJ|£©lt1*tt 
£«Jj£L/i. 02 1. 0 2 2RZ*0 2 3 t©DyD7 h 
te^-tl-^tl. (HJg«»Jl) ©??S (cd/ 

m ! ) -IE (V) SStSK (mA/cm 1 ) — « 

ffi (V) SSgxi^ (c d/A) (mA 

/cm') Jit^77TSS. C©S^©^7tgStem 
JBEfi4. 4VTfc0. S¥P(ll©*^©-&<t5<»f2©© 

tEt&^L c©iti3^^a.- y h^m^^^eict so 
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oTtt^JbtlT2<l^-r^>il©*«EL^^{4. g*fl 
{sjlOliiEL^fitt^T. SigSfit5»>g (0>HT« 
m=F$im 2teifi<l3±#<[6]±Lf c . :o*f 
(*5£0<li) at. sSKbA^s^A (V, o s ) 

^iHtt^Tfe^T'J-^ZS >it^m. a-NPDt 

(V t Os' + a- NPD') <h#X.t>n. 5&{bA:f- 
•>'7A (V.Cu) 1 1 a - N P DI W#Idtt^iI 

0 1 6tr«^T^-r„ fgftX^ h;P$g^t--5<i:. £ 

i ©x^ h ffebfc**. 7.^? h;p©* 

o©^j.--y h©^. mmzmmi>rz&yt=L-yh3 

£. ifi&S«;£ft(rfe#*£ttfc^<!:©<£ffi7W5£-S 
[0 0 5 8] *S£f&J2 («ft£±J|jPttttMfe«>4.«>&«| 

H©*ISflma. 0 1 4 tC^-r?*/I«i££#-r-5,*fSBj 
©^rtSEL^SrSig-r-S. SepgiJ 1 tBKHflll:. 
(HI 00 (a) ) \ZmVftffife/1?->lzzl—h2tl 
TUS I TO±K:«r«*H£Rffl&KvXi7 4 0 [0 10 
© (b) ) S^Lt. fB3tJL— y h 3 - 1 £fiKS*Lfc. 
-r&:b*>. a-NPD^7 0 0A, (Alq:C545 
T=l 0 0 : 1) ©d£4 0 OA. Ay p 7n-f > 
St->7A (Cs) ©1^15:2 0 0 A(Dm£izm % Al& 

4 - 1 <h L-T. : 
[fbl 0] 




T'^^n^.4 F-TCNQ*fj«a«lA/»T2 0 A 
©l?$Cfiic|gLfc. ^tr. 2-TNATA (A>F- 
fb^U) SBHKaaCl A/&T5 OAOff^triEBtU 
fc. CO«ffiff6*«t>^r««lri£gtffl*JRvx^4 0 [0 
1 0© (b) ) ^^LTslcILt. ^(c, 

4 0 (0 1 0© (b) ) ©it. ffij£©Ig 
Srfc^-a^OilLTfSft:!- y h 3 - 2 ^filcl^Lfc. 
•T^^^. or-NPD£7 0 0A. (A 1 q : C 5 4 5 
T=l 0 0 : 1) ©JI£4 0 OA. Ay £ ^D-f 
S-fe->^A (Cs) ©*g£JI£ 2 0 0 A©JP£(;:. Jfi^ 

7.9 4 1 (0 10© (c) ) ^LT, A 1 
1 0A/g>Trl 0 0 0 A<DmZ\zmML. (010© 
(d) ) iZ^Lfz/tf-y&GTZftmELm^Zm 

fz. mi:m\z£-z>T5£ytmm3.mo. 2cm. mo. 2 
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ItiT'*5 I TOtigflT'i^A 1 fcOMfc, [S 
StrnJE^^fiDLT, 583tB (A 1 q : C 5 4 5 TO*I 
SB) ^6<Dlife583t^*»tt*«J6Lfe. H2L H 
2 2Rtf0 2 3t© + ^Dy h»4-ttl-en, C^f 
(*S£#J2) <D»g (cd/m 1 ) -IE (V) ^{4. 
«8E?B« (mA/cm l ) -«£E (V) «rft, «gt^^ 
(cd/A) -mStSS (mA/cm l ) ^^"T^^^ 

<%n:$>z> 4 F - T C N q t*«-;n*att7 u 5 > 
fl^T* * 2 - T N A T A 0H*a*^mT*ttf*ftfff 
#£^LT^££#*e>n£<7)T (4 F-TCNQ' 
+ 2- TNATA') . 4 F-TCNQIt 2 - TNA 
TAi^WiiMI^LTSiLTt^. 
C(Dg?T1i)S^=3 0cd/m J (mSt®g=0. 1 
2mA/ cm 1 ) iS^ ^ l:f St^$^T^o T I 

HT&ni^ ***«j»*-t?2 5. 6cd/At^5, 

[0 0 5 9] *JfiW3 (2fiO»jtan ! y 
dO«ii«Ttt. H15l:St*iififttt5*«« 

□<dito • -t-rmit®. mm^Fttwkxrt 

y?M%&) J>mfe/*&— >l:3- CHI 
0© (a) #fig] e -e©±^6, *qs«2 il^UJHST 
W«ftJ5EMffl^S^X^7 4 0 (BIO© (b) ] 

T^-;i/ttj3Hts#"rsffirl3©xen-NPB (cov 

IONtt® ^10"' tor rTT, 2 A/g><D^5tig 

□ -DPVBi (COV I ONttSS) 2A/#(0I 
»ifffiT4 0 0 AtBJPSKfiERU AV^^D 
Ot4It>"5A (Cs) ©g-&B£2 0 0 A©JP£ 

1 <h IT. V,O s (5ifkAtyC7A) £ % ricBljg ft 2 
A/#T10 0A(DS$l;«llt. u^l^tlt) 
SS«Iffi^l7X^4 0 (HI 00 (b) ] &3t~L 

-a&misfc. ^k\z. ^t^jl- >y h 3 - 2 ;t^i£jf 

tit, S2P0U3 <hl^i;< a-N PD^ 7 0 0 A©JP£ 
7tM3tfe^T'*^>DC J TB (KODAKftS] Z. 

g^nstt4 o o A<Dm£\ztfzmLtz. $t>\z. s*g 

&l£mC<;*V?zfn'f>ii&miLzs<5& (Cs) £>g 

^iS2ooA©iPsi:«iL]t. ««c mmmms 



16) #§12 0 0 3- 2 7 2 8 6 0 

30 

tltiSM^I , 7X^4 1 C^10(D(c)# 

^lt, a i zmmmmi oA/{j>ti oooa 

cm, gfO. 2 cm©IE;£FJ£1*£:fc<5 [H 1 0 <D (d) 
T> UStitfe^ I TOiigllT^-SA 1 ta>m 

\z. m.tftmfr&mui'fz 2^©5B7te«rt>e><o» 
fe, #fetgfi^7t (tr>^e*3t) *«fl&nft. ft^n 

10 tzMT (H3 9 (b) ) ©Mttl^t?I^3 9 
(a) CSto «f^lt*i$lfc. H2 4, H2 
5ROT2 6tODyD7 htt^n-^tl, CCO*^ (£ 
*M3) ©jSS (cd/rn 2 ) -Sffi (V) Sffi 
Sg£ (mA/cm 1 ) -mffi (V) «rft, «SES»* (c 
d/A) -mSff^S (mA/cm 1 ) *7tt if "7~J7:1b 

0, IWJ2©if (2. 6 V) tl¥«3©*f 
(2. 2 V) 0«3tBJ6«BEOfti:a:oT^*o 

20 itn+wi* (v 2 Os) t*— ;mattt4Hp-<?**7U 

*t«t*««f»»»#*«^«LT^S (V t O,- + a- 

npd 4 ) <h#A^n, smkn±wix (v 2 o 5 ) ji 

[0 0 6 0] ^S§0ij4 (31(7)^az7 h^fU ^ 

£ililfbir£^ifc) 

£<D**m?tt, hi s^ris/f^ig*^**^ 

(a) ) \Z^Vtzmfert5r — >\zu — h£tlT^Z> I T 
O±M«MMTX^4 0 [0 1 0 0(b) J 
^^T, ^- 7 h3-lOTU Ce T&;b^ 
a-NPD^700A, Alq :C545T=100 : 
1 (DMG: 6 0 0 A, A'V^^D< >t^JBir>T>A (C 
s) ^I^lOOAOf^CI^ 3fe£0*fetcfi£ 

v,o s (5ift/tt?9A) &mm 

40 «2A/^T3 0 0A©fS^lLfco COf^i 
S^WSftfiE^ffi^Jg-rx^ 4 0 (H1O0D (b) ) €• 

(B10© (b) ] ©^^, S(rj£©Xg^t>^— 
jILT^Tt^-.^ K3-2, Ma- 7 h3-3^ 

*HWfIa-NPD^6*j«an-5*-JHiaiJB 
C0KiP^3 0 0A. 5 0 OA, 7 0 0 k<D 3 SJgtcfrU 

so 3ia©*?*ff«uT. ^tt^tt^L^co -rat>%. 
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3tfeO»1gH-^n^na-NPD^3 0 0 A, 5 00 
A, 7 0 0A, Alq:C5 4 5T=100: 1 (fiS 
it) <£>/I£6 0 0A, AV^/a-f >££JK-fc>"?A 

(Cs) Oi^I?: 1 0 0 Aco/P^l'MI&fiSglLT, 5g 
3ti-y h 3 - 2 SfifcfltU *#lC««fR£H4-2i: 
IT, V,O s (5iftAty^A) 4, ffillg2A/ 
»T3 0 0A©fSl:«»Lfc. ^LTfc^-^^tey 
a-feXSIiOigLifc. ~TUt>*>. a-NPD^300 
A, 5 0 0A, 7 0 0 A, A 1 q : C 5 4 5 T= 1 0 
0: 1 (S*Jt) £)/I£6 0 0A, Ayj^DO^ 10 

jR-fe^A (cs) <og-&B^ i o o Aomzizmfrfc 

lit, SSfti-y h3-3MLt. 

«s 5 1 isT tkmf&mm&m-?*? 41 [0 1 0 <d 
(c) ) ^lt, a 1 zmmmmi oa/&ti 0 0 

0A<0JP$K:&»U [01 00 (d) D \Z^VTcni? 

ffi«tt»0. 2 cm, $10. 2cm«)I*«tttao 
fe. C<0*«EL*^(w*^T, BiMT*5 I TO 

58#g (A 1 q : C 5 4 ST^ltl) fr*><D&&¥£ 20 

o* +^ r PyH«n?n l Huffico3a^^m/p^ 

♦"J"**^*)** (cd/m 1 ) -mJE (V) * 

mmm (mA/cm 2 ) -see (v) ^H4, vsmm 

(cd/A) (mA/cm*) £7K"T^:7 

#-r*^ti-?n<o*^(o«ss2s* (cd/A) 

58*^—* h 3 - 2, 3 - 3 ©*—;M*3£JMI 
JPrt*7 0 0A0)t)Ott*«4 8 c d/ASje^S«8S3i 
****&tl&— 583t^.-y b3-2, 3 - 3 30 
JMfeiillMUPA* 3 0 0 A, 5 0 0 A^fcO^l 8 c d/ 
A, 2 8 c d/AiSQfiL^»5nft*^fc. 5E3t3. 
-7h3-2, 3-3©*-;mat«glttfll7 0 0ACO 
PSt^te, 3/ h^fcO&l 6 c d/A (4 8 

cd/A^-3) KffiSLT&O, ^:TC0 (3<@£» 583t 

RBtfftJB»f***i;fct><0) #£T1/4**©IMF 

%^2Sfi<Dl/4^fi, 3/4&S, 5/4ttfi(Cfto 

xir^ (Siifb^nfc) m-z$>z> 0 <Mmm 40 

4) ©3«SOt^^7^^ h^SHl 9l^t. 
^fc*HSS^i (^J£#J4) 1>T#6nfc*?OrtT. K 
BEO^iRSa* (4 8 cd/A) SrW-TS*^^^^ 

[0 0 6 1 ] t»5 (2i©M^-7h^3t7'< 
«) 50 
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3ft0l«SfflSLT, HJSW3 <hBS[^— oynirXX- 
»fe3S5te:i— ty h t *fi«3to. - y K £«ffiie£JI 4 - 

h 3- 1 ©*ft*3tffi«^63tE» 

MJC^^-y h 3 - 2C0a-NPD^bM^n^^ 
—Jl4»2IJl0«»€r3 0 0 A* 500 A, 700ACO3 

03 0, 0 3 1SOT3 2 4 , <£>CL -K O^P7 Mi* 
tl^n, ^©31j|^i^tt5$f^g (cd/ 
m l ) -mJE (V) £H4, mSf^S (mA/cm 1 ) -M 
JE (V) *H4, (c d/A) -mSt&g (mA 
/cm 1 ) St^T^^T**. #*R60i| 

M5) (D3mm<DM^(D¥£yt7>^{7 h)\s&m2 Q\Ztk 

-r. 03 2 ic^n^iso, s&&3*g<z>KJP£^rr 
**nfn©«f©*«»* (cd/A) 

0 , ^7^3. - y h 3 - 2 0*-;M£i2tfIMJfW 7 0 0 A 

»B8 c d/As-ie^.s«8sa**^&nzt 

— ^3.- y h 3 - 2 0*— Jl/ttSRRJIW 3 0 0 
A, 5 0 0 A<D$><D\Z6. 5 cd/A, 4 c d/Af§S 
©ll^i^nft^ofc. 5€JtOL-y h 3 - 2 CD*— )V 

mmmfSLmffii o o ao*?ii *fe«:ft*m-e*£x 

fcfn- DP VB i <05S#ffi«^S5fcEit*«T&SA 1 
«W*T©**iUP (*K«/PtJB»f*S*i;&t)0) 
an/4&g<2B&3<&<h&oT^£ (S®ffc2*i;fc) 0U 

C0 0 6 2] SlS§0iJ6 («IW%^J|<D»SfiKc»rdJI 
*<»#*2 0 715 2 2KI3«<0 r^cr>«£«±«Jij Tr 

<5 (a) £ (b) ^$ntl^$f) 

04 i*c*-r«ji#iifi*#-r**5s^o^r«EL*^s- 

MitT^o SJpWltraU^MgT, [0 100 (a) ] 
\Z^LfcWrfc^¥ — >lZZi— h ^tlTl^ I TOiitC^r 
IMIMI7X^4 0 [0 1 (b) ] 
T, 5B3ti— y h 3 - 1 ZtitmLTzo Tt±fr%. a-N 
PD^6 0 0A, Alq:C545T=100: 1 COM 
£7 0 0 AOffSKlWKtfttUfc. ^^(c r-^<7)^g^ 

[ftll] 




L i q tlSET^Ct^feS) ^, 1 0AoS$l:M 

it. *^zs»fi7c*jRt ita i zmmmm 1 A/e? 
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14-liL-T. V, O s (Sffltfii-z/O A) ta-bS 
PDOm-BM (^Jls&m ; V,O s : a-NPD=4 : 
1) SIM 2 2 0 0 A ©f ^ L 

fz. c<Dnffi%£.mt>mm%>tfc.mm&m-?xt7 4 b C0 

1 OcD (b) ) StfUTiSttLfc. ^(3, #«i«3figfglffl 
41-7X^4 0 (01 OCD (b) ) RfrJ^OXS 
^fcp-aaiO>iL,T^7ta--y h3-2^«Lt. 
-T&fc*.. a-NPD56 0 0A> Alq:C545T 
= 10 0:1 (fiftit) <DH£ 7 0 0 A, L i q £1 0 

Bf@E£Kffl^Sv^^4 1 mi 0(0 (c) 3 

t. a i zmmmmi o a/s>t-i o o o a<dp^(-^ 

*U (Ell OCO (d) ) K^Ufc/t^-^WT-S* 
4SEL3?^£#fc. KlgfCcfc-pT^3t®««8£0. 2 
cm,«0. 2 cm<DlEJjl&VittS.r>fz. ^CttlEL 
*fCit>T. KHmStrab^. I TOtlSiiT-abS 
A 1 i©MK. itifitmJE£EipjDL.T, %9tM (A 1 q : 

c 5 4 5 T<D*mmm) frt>v>m&f£jtom¥f&itmi£. 

bfc„ 042. 043, 04 5 <p?)97ci-y 

hkt^n-en. com? e^mms) omm. (cd/m 20 

') -mEE (V) »tt. moit^g (mA/cm 1 ) -Sff 
(V) mSg^ (cd/A) (mA/ 

cm ! ) «Ht. fttf. (lm/W) -»K (c 

d/m') #ttSSt^77f*§. SfcittSj©*;*, 

fe&mmm&m-tzitmm? ( 1 to/o-npd, 6 

0 0 A/A 1 q : C 5 4 5 T= 1 0 0 : 1 , 7 0 0 A/ 
L i q , 1 0 A/A 1 ) £f£l&L04 27}M04 5^fw 

€ £ J: o T£fct»9 ■=» nt 2 «#aE-r -5 d E l 

(V,O s ) t*-JH81tt»f 7 'J -;i^7 5 >ft 

LTt/>£ ( V, Oi" + a- NPD') <h# 
5^b/\*^-v^A (V,O s ) ta-NPD©I 

Oco (1) ) ifiTfriiV&m (±feHi60iJT:«L i) -f 

y^now 1 q^oS^tfi2H4{b^t@E#SI& 
li#t©fi^iT*oTt>J:< (±IE# n 2 0 0 0 - 
1 8 2 7 7 4tii?B#I) . ^r£g&Jglg&:£-g-A,T'^ 

iS3$tXT*J0 (#SgH5::J. En do, T. Mat 
sumoto, and J. Kido, Jpn. J. A 
ppl. Phys. Vol. 4 1 (2 0 0 2) pp. L 
800-L80 3) . «£*a#«EL*^©|ftai=tt-r 
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[0 0 6 3] ##{SJ (««rX£H«OJtttSt (Q • c 
m) CDiBte) 

tfcffitt (Q • cm) ©Wftfttt, SSfl!ttlcotfcJStaCOfll 

&Mfe<&}<DMmmmznmx'mmvfz&m 

(03 3 2fcl^03 4IC^-r-U->hW 5/^«i§<DJfcJSSiSF 
ttJMHP) TM£«fr<r>. RliD«JE (V) iifeziJttlS 

^cdbijp (cm) (-monmmmm) *>6#e.n*« 
«e (v/cm) <h. saymat (a) tmffit^stn-sm 

^cofrS* (cm') t*»6»sns«8t*« (A/c 
m : ) tOTJt ( (V/cm) / (A/cm 1 ) = (Q • c 
m) ) *^IlBl/ifc. C©»ftttKfflH*-9->H'f 
«t*OttttlftlMEJ1i*?l£. TIcO^feT-f^S-r-SCli 
ri*T?#&. 03 3«. it£taf¥tffflJfl^CD¥S0. 0 3 

4t±^-co»f®0T*-5„ mfrKHzte^mm* mmmtm 

&K10 1O (b) IZiZZtlZis-Y K-VX^ 4 0£&ffl 
LT2mmfi©ITOfll6±l: (i^lCiO 2mm 

<h©a i «a±t) #«t)*m^^sffl->^ h*-7x 

U «^t3(^D< 2mmifficD7;P5 n^Aii 1 7 * I 
TOill 6 taSff*J:5IC«BtL.T. itj£ta§¥ffiffl 
iitT Srf^SL-rc. SH2 ©SH^te. JtfeWtfcJSSiCD/h^ 

-TfcfcS. 03 5Rtf0 

3 6tc*L^«fc^(c s«i 9 ±<om-w-m±iz?»t>m 

ff 2 0, BkS2 1 t&S««*BfSE« (L cm) Si 

«2 2<0%3tffK£9r£OMa« (W cm) S»t4 
xiJT^ffl^S^Xi7^^LT, Blf^cDIKil (t c 
m) ^fig^-T-i). CC04§£-#€>*l-5mi§E (V/cm) 
fi. EMQmflE (V) ^m^F^SEgl (L cm) T&LT 

mta^n. msitss (a/ cm 1 ) itmmmm. (a) & 
t^Mn^i^QBriff (dcois^tiwx t c 
m ! ) xmisxmmznz. c<Dm\zvx&*>nfz&fr 

(Q • cm) £gmL/fc„ 

[0 0 6 4] 03 7 ICtfcJffiicDgS^ig^^^-r. SSJl^ 
fecoa5S«. I TO (ig^imffittfcf) . V.Os {*5£W 
\Z*$VZ>nffi%±m) . V,O s ta-NPDC0ftlfi 

(V.Os : a-NPD = 4 : 1, 1:1, 1 : 2CD38 
m<D^)lsit) (*5£BJUZ&VZ>m$j$££.m) . V,O s t 
2-TNATA©^IfI (V,O s : 2 — TNATA = 

4 : 1 (^;Ht) . *^^tC*3tt-5m^4SD . a- 
NPD. Cst/tyjynOOftffB (Cs : /tV 
i7-/n^f>=i : l (^E;uifc) . y h4"W*^ 
SAD ) . Alq, (fETtttm) I TO. V, 
O s ca-NPD«*l«li, RtfV, O s £ 2 -TNA 
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(3t«fe) U a-NPD, Cst;ty?yD-f>0^ 
tro^T««<S^eo*#aA$r^--5 y9 (ohmi 

c) ic-r-sfc*. *f£ssom^£Jitf>sas£T-<&£>. v 

,Osta -N P D©g^IS«til:«t*»»t: 5 0 
Atm<^Vfz±X\ 1 0 0 0A©f*©a-NPD 

IBS 

-O- ITO 4. 6X10-Q - cm 
-•- V,O s 7. 2X10 4 Q-cm 

-A- (V,O s : a-NPD = 4 : 1) <D&M%m 

2. OxiO'D-cm 

-O- (V,0 5 : «-NPD=l : 1) ©*^5£IBt 

3 . 6x ] O'Q • cm 

- + - (V,O s : a-NPD=l : 2) <D&Mmm 
2. 9X1 O'Q - cm 

-□- (V, O s : 2 -TNATA = 4 : 1 ) O&Mm 20 
5. 8X10'Q - cm 

-A- ITO/V.Oi/AI 2. 8X10'Q 

• c m 

— T— ITO/a-NPD/AI 1. 5X10" 
Q ■ cm 

-■- I TO/V, O s : a-NPD (5 0 A) / a- 
NPD (1000 A) /V, 

O s : a-NPD (5 0 A) /A 1 8. OxiO'Q 
•cm 30 
-X- Ai/Alq,/Al 6X10"Q-c 
m 

-I- ITO/Cs rA-VJ^D-fVAl 2X1 
O'Q - cm 

Silt, ViOita-NPDCDltiMmmoim&tt (^Jlft 
[0 0 6 5] *58WCt3l»T±K*J6*IB*#fi8Lot5 

MEL***. *^Hq«±ie^igjg^tc^$n^fccDT 

T& A £ pTtgT* -5 . 

[0 0 6 6] 
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w(<D£.mmiz&^T%, Hi?-! >Mi&mzmmto& 
[mm<Dffimtim.m] 

[01] ft*©#HmL*^©ftte«l»*amft , #IHT 
[02] *^^0SlEL$^iffi«^^i0 
[0 3] *5EW«>* : f-^45^S«UIffa!«Wf«*Ji + 0 

[04] *^i0ifc^tt^isiii^4ito 
[0 5] ru— ;P7£>ffc**£ smikrtj-zso&om 

[06] 2-TNATA<!:4F-TCNQO¥ai^ 
[0 7] a - N P D <h 7 Sft 

[0 8] **«0#«EL#^©*JI*ja**-r»»*Wr 

[09] SipfflllTfPRbfc^ELai^oaH^lifi* 
^Tl&&^£rffi0T&£o 
[010] (a) ttSW»ilg^3-hSftfc»77 
(b) «W««j«RJfl&fi^X* 
(^fltfi!cS^t0T*O, (c) («Mlffl#8?X^ 
<B«rt**-rBT*D. (d) te*^«j££^-T0T 

[0 11] **«l2T?f^aiLfc*«EL*^(D«II*ig 
* BS^K Wffi 0 T p 
[0 12] **«3"efP»LfcW«EL*^«H«ia 

[0 13] *««lTfP«LfcW«EL*^-(0«Jl«|ii 
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[0 14] *tt«2-e«s«Ufc#«EL*^©«H*i6 
^^TB&^eSf liT & £ . 
[0 15] *aS«3Tfe»Ufc#*EL*^©llJi«£ 

[0 16] **WlRrX*Jfi«4TfP«Lfc 

[0 17] *«fM»J2, **«3fttf*J6«3T««Lfc 

[0 18] *JS«l4Tf^SgLfc#«EL^©«e«tifi 
^^T»S^WfS0T*^>„ 10 
[019] 4T?ff«Lfc3««©* ; f 

[0 2 0] 5li6S«a|5Tf^KLfc3aa©^©^X^ 
:7 h^0T*-5, 
[02 1] *«Pt«Jl. **«lfttf*tt«2-Cft£«l,fc 

[0 2 2] SIPMI. *««lfttf*tt«2T?ft«Lifc; 
[0 2 3] Stp^l, *M5«lR^*aS«f!2-rfP«bfc 20 

[024] mmm2. **«3a^*jii«3T?ffasLfc 

[0 2 5] *«P0d2. *«1l«3RlX*aS«3Tff«Lfc 
5. 

[0 2 6] SipM2. S*P«3fttf*S5«3-efe«Lfc 
f 1 E L *f <?)f Sif -f If SUttSit ^7 7 f 

30 

[0 2 7] SJKff4Tft*8lsfc3aaa>*4IEL*?C!) 
ME - mBE^tt * *T ^ 7 7 T- * * . 
[02 8] £tt«4T?feHLfc3«SI©#«EL* : ?0> 

[02 9] *«S«4T^«Lfc3aao*«EL* J FCD 

[0 3 0] %JKff5TfE8ls£3ag0«-ttELX?ti!> 

[0 3 1] *ffiM5TfESLfc3aS©*r«EL5{?T© 
«8gSft-«ffi#ttSr^-ry7 7T?*S. 40 
[0 3 2] *fc«5-p«s«Lfc3«8l<0*«ELJ|e^<D 

- «% aaewtt y ^ 7 -e* a . 

[0 3 3] ^>K<y^tta®Jttt£tlMEB*?«>VB 

[034] -frvF-r v^wffiottattffttffl*^©*?® 

[0 3 5] Mg«titWjt}S6tifflfiffl*^«¥ffi0-e^ 
-5. 

[0 3 6] M«*ifi<att»#w*iffl* J T L fl!>Wffiig-e& 
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a. 

[037] #*«Ta£Ufctfc«8ta*jrffi-r.&&*© 

[038] ( a ) tt, 4#® 2001-225847 

0. (b) tt. C©*«EL*^©«««ii**-r»« 
0Tab-So 

[03 9] (a) tt, 3 Tft«Lfcff« 

EL*^©«3fctttt*5*-r9*T*D. (b) tt. 
#«EL* : ?©«B*i6£S-rtt«H-e**. 
[04 0] V I 0,£a-NPD©#a«a©«fcH; 

[04 1] *iSfi»l6fC«-5^r«EL3!lT©»S*ig*^ 

[04 2] *tt«6Rtff^S!«i6£#T*tfctt* : P«> 
ME - mJE# tt S *T ^ 7 7 T «& -5 . 

[043] ^jSCTea^aE^Wjfi^frr-sJtR^cD 
[04 4] *M^6Rtft£fcM«i££WTsitt£*^© 

[04 5] *&fl6&zm*S*S£*?«Jttt*?® 
[fr^©l5Ji5§] 

1 s^a« 

2 ^gja&aa 

3-1 

3- 2 ^7t3.^->h 

3 - n ^StE^--;, h 

4 - 1 nmm±m 

4- 2 «ffif££H 

4 - n 

5 Biffin® 

6 fc— )l$§iskMi 

8 f?ttAI 

9 *-;HH3IJi 

I 0 %%m 

I I ffftAI 
1 2 

1 3 Xftff 

1 4 l?ttAI 

1 5 mm®. 

1 6 mffi 

1 7 

1 8 &3a£f3 

1 9 £« 

2 o mm 
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2 2 «385£!& 
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